1. Introduction {#sec1}
===============

Parasitic copepods infect virtually all aquatic animal groups and show a staggering diversity in body form and life cycle strategies ([@bib5]). Particularly within the order Siphonostomatoida, that contains 40 families of exclusively parasitic forms, Caligidae is the richest in number of species ([@bib6]). Caligid copepods are commonly known as Sea Lice and comprise 31 genera, of which, *Caligus* Müller, 1785 and *Lepeophtheirus* Von Nordmann, 1832 are the most diverse ([@bib13], [@bib6]).

Sea lice are dominant ectoparasitic of farmed and wild fish populations around the world ([@bib11]). They feed on the epithelial tissue of their hosts and may promote diseases in fish populations ([@bib20], [@bib36]). Sea lice also are considered as a economically important parasitic species around the world ([@bib20], [@bib29]). Particularly, infestations of the species of *Lepeophtheirus* has been associated with decreased of body growth, changes in swimming behaviour, and increased of fish host morbidity by bacterial diseases in skin lesions and damages produced by attached copepods ([@bib7], [@bib18], [@bib21]).

Historically, most of the studies on infestation from Caligid copepods are related to farmed fish populations in temperate zones, due to the economic costs they represent and their higher incidence at high population densities such as those occurring in aquaculture ([@bib30]). In contrast, fewer researches have examined copepod infestations on wild fish populations or assemblages ([@bib35], [@bib19], [@bib18]). Similarly, in the Neotropical Regions, most of the detailed studies related to the ecological interaction between Caligid copepods and fish host refer essentially to the salmonids of the Chilean Pacific Ocean ([@bib20], [@bib11]). Although, the occurrence of *Lepeophtheirus* species have been widely recorded on different fish species in these regions ([@bib23], [@bib26], [@bib27]) and particularly, they have been reported as the predominant metazoan parasites on host catfish ([@bib22]), the characteristics and effects of infestation are poorly known.

In this study, the infestation of an attached copepod (*Lepeophtheirus* sp) on a wild population of *Sciades herzbergii* Bloch, 1794, a Neotropical catfish species in a coastal lagoon in Northeastern Venezuela was analyzed. This fish species is endemic of South America and is located in Caribbean regions of Colombia and Venezuela and Atlantic coasts of Brazil ([@bib10], [@bib24]). *S. herzbergii* was selected because it is a common and one of the dominant species in the study area, as well as in estuarine waters in other locations ([@bib10], [@bib17], [@bib16]). Also, it is part of the fishery resources in some areas like northeastern of Venezuela ([@bib2]) and Brazil ([@bib1]). The present study was carried out in order to describe infestation of parasitic copepod and analyze its relationships with total body length, sex, maturity and lesions on skin of the host fish.

2. Material and methods {#sec2}
=======================

2.1. Fish sampling and examinations {#sec2.1}
-----------------------------------

Specimens of *S. herzbergii* for the study were collected in July and December of 2008 in "Las Marites" lagoon, located at Southeastern coast of Margarita Island in Northeastern of Venezuela (10º53′50″- 10º55′N 63º53′54″- 63º57′20″ W). More information at this lagoon is given in [@bib28].

Fish were transported alive to laboratory, where they were anesthetized with Benzocaine. In each fish, body surface (integument) was revised in detail for presence of attached ectoparasitic copepods.

Copepods were removed from fish by performing skin scrapings using tweezers. All the samples (scrapings) were separately placed in Petri dishes with filtered seawater and observed under a stereoscopic microscopy.

The attached copepods were divided by sex and stage of development in phase I (sexually mature) and phase II (immature). For taxonomic identification, we used the keys proposed by [@bib4] and [@bib12].

Every fish was measured to total length with a vernier of 1 mm of precision and individuals were identified using the taxonomic keys proposed by [@bib10]. Sex was determined by direct observation of the primary and secondary characters of the gonads in dissected specimens ([@bib14]). For both sexes, the stage of maturity was discriminated in two phases (immature and mature). We grouped the individuals into two length categories to determine the intensity of infestation of ectoparasitic copepod according to size, because it is expected to higher values in larger individuals, related mainly with more surface area. We chose two sizes to have an approximate number of individuals in each one (37 small fish and 24 big fish).

2.2. Histology of the tegument of fish host {#sec2.2}
-------------------------------------------

Immediately after the death of the fish, skin samples were dissected from sites with and without attached copepods. Some skin samples were fixed for 24--48 h in 10% formalin, buffered with 0.1 M phosphate buffer at pH 7.2 and others in Bouin\'s liquid for 24 h. The formalin-fixed samples were then washed in running water for four (4) hours to remove excess fixative, while the liquid-fixed samples were washed repeatedly with 70% ethanol. Subsequently, all the skin samples were processed until their inclusion in paraffin, in order to obtain cuts of 8 μm thick, which were stained with hematoxylin--eosin. Samples were examined in the optical microscope to compare the architecture of the skin in infested and non-infested areas and to detect and describe lesions due to the infestation.

2.3. Data analysis {#sec2.3}
------------------

Prevalence, intensity and mean intensity of infestation were calculated according to [@bib19].

Relationships of host length and the infestation intensity of *Lepeophtheirus* sp. were determined using the Pearson correlation coefficient (r). While the Wilcoxon rank X^2^ test was used to determine the possible association between sex, sexual maturity or size length of the host with the infestation. In addition, a contingency table including both sexual aspects were created, and a X^2^ test with Yates' correction for continuity to prevent overestimation of statistical significance for small dataset was implemented. In all analyses a significance level of α = 0.05 was used. Statistics were computed using the R statistical language (R Foundation for Statistical Computing).

3. Results {#sec3}
==========

3.1. Infestation of copepods on host fish {#sec3.1}
-----------------------------------------

All sea louses found and observed microscopically were identified as *Lepeophtheirus* sp based on morphological features. These copepods were attached on skin at different regions of the body of juveniles and adults of host fish, showing not a regular pattern of preference. A total of 204 copepods were sexually mature and 14 were immatures.

Prevalence of infestation was 80.3% and intensity between 1 and 15 copepods/fish with a mean value of 3.5 copepods/fish.

3.2. Host fish conditions {#sec3.2}
-------------------------

A total of 61 specimens *S. herzbergii* were analyzed with total body length between 200.00 and 389.00 mm (mean ± SD = 292.86 ± 42.06 mm). Of the total number of individuals, 37 were females with body length between 222.50 and 389.00 mm (mean ± SD = 259.41 ± 110.44 mm) and 24 males with body length between 200.00 and 372.50 mm of total length (mean ± SD = 280.60 ± 34.56 mm). Examination of the external characters of juvenile and immature adults showed no visible differences between males and females.

The analysis of the relationship between total body length of host and intensity of the infestation, showed a weak positive correlation (r = 0.328; p = 0.009).

In *S. herzbergii,* 52.46% of total females were infested in contrast to 27.87% of infested males. However, the Wilcoxon rank test allowed to establish that the presence of the attached *Lepeophtheirus* sp is independent of the sex of *S. herzbergii* (W = 458.5; p = 0.834) or the maturity status (W = 512.5; p = 0.464) of *S. herzbergii*, respectively.

On the other hand, the analysis of the contingency table including the maturity status and sex, and the presence of the attached copepod showed a significant association between both characteristics (X^2^ = 12.61; p = 0.004), particularly low values on immature males in contrast with the other interactions. Similarly, when comparing the infested fish according to group size, we found more copepods on larger individuals (W = 262; p = 0.0067). ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Prevalence of *Lepeophtheirus* sp in two size groups of *Sciades herzbergii*.Fig. 1

3.3. Lesions on skin of fish host {#sec3.3}
---------------------------------

Extensive areas of skin damage in infested *S. herzbergii* were observed, especially when parasitic intensity was higher (N = 15). The eroded epithelial tissue was detectable with the naked eye, in the form of patches or reddish hemorrhagic areas ([Fig. 2](#fig2){ref-type="fig"}a and b).Fig. 2Hemorrhagic cutaneous lesions caused by the infestation of copepods on *S. herzbergii*. a. Ventral view. b. Pectoral fins and mouth.Fig. 2

3.4. Histology of the tegument of fish host {#sec3.4}
-------------------------------------------

Histological analysis of the tegument of non-infested *S. herzbergii* shows the same three structural and functional layers of the skin of other marine teleosts: epidermis (specialized epithelium), dermis (vascularized connective tissue layer) and hypodermis or subcutaneous layer. The epidermis and dermis are separated by a basement membrane ([Fig. 3](#fig3){ref-type="fig"}).Fig. 3Cross section of healthy skin of *S. herzbergii*, showing the different layers that make it up (Hematoxylin-eosin staining) (100X).Fig. 3

In detail, epidermis of non-infested fish was composed of a basal layer of cubic or columnar cells whose function is to replace those that are detached on the surface, a multi-layered medium layer of cells of variable and glandular dimensions, and an outer one formed by one or two rows of flattened surface cells parallel to the body surface. Immediately after, the layer of pigmented cells was found the dermis, composed of collagen fibers, whose main elements of the inner portion are fibroblasts ([Fig. 4](#fig4){ref-type="fig"}).Fig. 4Cross section of healthy skin of *S. herzbergii*. Detail of the epidermis and dermis (staining with hematoxylin-eosin) (400X).Fig. 4

In infested fish, it was possible to detect injuries of the epithelial tissue at medium and external levels, through the presence of hypertrophic cells, modifying the architecture and normal arrangement of the tissue ([Fig. 5](#fig5){ref-type="fig"}a). In the intermediate regions of the epidermis, moderate amounts of sacculus cells round and more development with dense nuclei were observed adjacent to the affected areas ([Fig. 5](#fig5){ref-type="fig"}b). These cells of protein and/or glycoprotein nature (according to the reaction with Blue Alcán), are usually organized in a single row above the basal layer, occupying half or more thickness of the epidermis.Fig. 5Transverse section of *S. herzbergii* skin parasitized by copepods. (Hematoxylin-eosin staining). a. Detail of the outer and middle layer of the epidermis (hyperplasia and hypertrophy) (100X). b. Sacciforme cell (400X).Fig. 5

4. Discussion {#sec4}
=============

Evidences found of lesions in tegument tissues of host fish because of the presence of hypertrophic cells associated to infestation, may be explained as hurts resulting from mechanical injuries caused by the insertion of the pre-oral stylet or halo of adhesion of the chalimus stage of the copepod. Similar results have been reported in relation to infestations of *Lepeophtheirus* ([@bib11]) on other fish hosts and other ectoparasitic copepods ([@bib20]).

Few studies have reported occurrence of *Lepeophtheirus* infestation on populations of Neotropical fish species ([@bib23], [@bib26], [@bib27]). However, no study has described in detail lesions and evidences of histological damages on Neotropical catfish populations as such the present paper. [@bib22] analyzed parasitic communities on the White Sea Catfish (*Netuma barba*) from Brazil and only reported the general characteristics of infestations of two species of *Lepeophtherius*.

Lesions and damages on tissues may promote bacterial and/or virus diseases proliferation, aspect that has been reported in other fish populations ([@bib36]). According to [@bib20], feeding activities of ectoparasitic copepods are responsible for any primary disease that fish host develops.

The observed trend of increasing infestation intensity in larger individual is commonly found in studies of ectoparasitic copepod on catfish host ([@bib9]) and other fish species (eg. [@bib8]). Usually, this relationship is explained because larger individual hosts had more available spaces for colonization or simply for accumulation of parasitic through the time ([@bib3]). Implications of this trend on population dynamics of host fish may be relevant. Information from other parasites relates intensity of infestation as well as co-infections effects on juveniles and reproductive ages of host that consequently alter age structure and natality rates of their population ([@bib15], [@bib31], [@bib25]).

According to [@bib9], because their feeding preferences, catfish can serve as intermediate, definitive or paratenic hosts of various species of parasites and contribute to expansion of infestations on intra or inter specific hosts. All these characteristics join to the high values of prevalence observed in "Las Marites" lagoon, seem to indicate that infestation of *Lepeophtheirus* sp could be an important factor affecting wild populations of *S. herzbergii* and another aquatic species in this water body. Therefore, more studies about effects of copepod parasitic on survivorship and fecundity of this fish species are requested.
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